Road lighting effects on traffic accidents and varies with pavement materials and weather conditions. In conditions of wet, poor uniformities and glare due to high specular reflection have been found and negatively effect on visual performance of drivers. To improve light quality, the adaptive roadway luminaire which has multi light distributions which are suitable for dry and wet road surfaces is proposed. However, wet conditions is very complicated because of its dynamic characteristics. The pavement light reflection properties in wet conditions were studied in this paper. Three various materials and aging having concrete, rough asphalt and fine asphalt were extracted to do the experiments in the laboratory by using the modified gonioreflectometer. The results showed the different of dynamically changing of specular factor (S1) and the major r-values of various pavement materials in wet conditions. They can be divided into three stages. Moreover, changing of the reflected light colour are disappeared over wet surfaces.
Introduction
Road lighting certainly impacts on traffic accidents and varies with pavement materials and weather conditions (WANVIK, 2009 and JACKETT, 2013) . Generally, luminance level and light uniformities are significantly considered in a road lighting design (CIE 132, 1999) . However, they are required in only dry pavement conditions. In conditions of wet pavements, poor uniformities and glare due to high specular reflection of wet surface have been found and negatively effect on visual performance of drivers (EKRIAS et al, 2007) .
Many solutions were proposed to reduce the severity of problems such as dimming, increasing the cross factor ( VAN BOMMEL, 1976) , using asymmetric light distribution (CLANTON & ASSOCIATES, 2014) , and adjusting the road lighting pole. Although dimming of light output which is standard control of roadway luminaire can reduce the degree of very brightness and glare toward to vehicle driver, it cannot improve uniformity of luminance. Moreover, the reflected luminance from some points on road surface also be more decrease or they become dark areas. Dimming can mitigate glare problems but it cannot control the luminance uniformity in order to get better light quality. However, uniformity can be improved by reduction of luminous intensity in direction that reflect into driver's sight. So, the roadway luminaire with adaptable luminous intensity distribution (LID) curve for dry and wet road surfaces are interested. The adaptive smart luminaire which has multi light distributions which are suitable for dry and wet road surfaces is proposed. The appropriate light distribution curves for a standard road configuration with the conditions of dry and wet road surfaces by the optimization of illuminance distribution function are studying. However, control of light quality in wet conditions is very complicated because of its dynamic characteristics. Luminance and uniformities are unstable while the surface is either becoming wetter or else it is drying. Therefore, the pavement light reflection properties in wet conditions and dynamically characteristics while they are drying were studied in this paper to investigate the change of specular reflections. The measured luminance coefficient at the selected angles may be applied to creating the approximated the r-tables in wet conditions for optimization of the appropriate light distribution curves.
In this paper, change of pavement light reflection properties during dynamic wet conditions are studied and the conditions of wet were investigated to classify into categories according to reflection properties impacting on the decreasing of luminance uniformities. Laboratory measurement by the modified gonio-reflectrometer was used in the study.
Pavement sample
Nine samples of three different types of pavement materials (3 samples for each type) were extracted by coring drill with 15 cm diameter from the roads in KMUTT. They consisted of concrete samples, rough asphalt samples, and fine asphalt samples. Figure 1 shows the samples of road surfaces in this study. Before testing, samples were cleaned and painted with the matted black colour over all side areas to avoid the reflection of light during tests.
Figure 1 -Pavement Samples

Test equipment and method
The gonio-reflectometer modified from the rotating luminaire type of goniophotometer (EVERFINE GO-2000H) was designed and installed in dark room at Electrotechnology and Illumination Laboratory (E-LU), KMUTT as shown in figure 2. It was for investigating the reflection characteristics of the different road surfaces in dry and wet conditions. Moreover, the r-values for a specific set of combinations of β and tan(γ) were obtained. of beam angle were used for emitting the light over the test sample. Moreover, the reflected light spectrums were measured by using the spectral radiance meter (Photoresearch PR-670) and were compared to the original spectrums of incident light.
Angle between vertical plane of light incidence and vertical plane of observation and angle of light incidence from the upward vertical were rotated by the servo motor. The angles were controlled in goniometer software according to the standard r-table. The average luminance and average illuminance over sample at any positions of β and γ angles were measured to calculate the reduced luminance coefficient (r). Figure 3 shows measurement of luminance and illuminance over pavement sample.
Figure 3 -Measurement of luminance and illuminance over pavement sample
The complete r-tables of all samples were tested in dry conditions, then the reflection parameters, which are the average luminance coefficient (Q0) and the specular factor (S1), were calculated according to CIE 144:2001. To investigate light reflection characteristics in drying state, sample was sprayed water onto its surface. Tests were started from wet in the inundated condition to 120 minutes with naturally drying in 25±1 o C, 60-70% RH of surrounding conditions and air flow <0.2m/s. Changing of specular factor (S1) and the spectral power distribution of the reflected light versus time were investigated. The r(0,2) and r(0,0) were measured during drying together with the reflected light spectrum.
Results
Dry condition
In dry condition, samples were tested for the complete r-table with 396 R-values. Q0 and S1 were calculated to classified the light reflection properties of pavement samples as shown in figure 4 . The specular factor (S1) of concrete samples closed to rough asphalt samples (0.56<S1<0.85). They were in slightly specular group (R2) according to R-system classification in CIE standard. However, the rough asphalt samples had the average luminance coefficient (Q0) less than the concrete samples around 2 times because of they were still in new condition having darker materials or lower reflectance. For the fine asphalt samples, they had very high specular factor (S1>1.74) which was in very specular group and their average luminance coefficient were around 0.10 which was slightly higher than the concrete samples. The reflected lights of sample 1 from each pavement type were analysed the distribution of power spectrum by the spectral radiance meter. They were compared to the original spectrum of LED light source (4,000K). The results show that the concrete surface absorbed the short and medium wavelength light more than others surface materials. For the asphalts, they had little difference of spectrum distribution in only the blue light region. 
Wet condition
Test results in wet conditions are showed in figure 6 and 7. When they were in the inundated wet condition, their specular factors are very low or approximately zero. In drying conditions, the results showed dynamically changing of specular factor (S1) and the major r-values. They can be divided into three stages. Specular factor (S1) is raised to the maximum point in the first stage. Next stage, it is declined and slightly become to dry specular factor in the last stage. The specular factor of rough asphalt surface is rapidly swung within 10 minutes with highest specular factor then slowly decrease to dry condition with quite long time (more than 2 hours). In case of concrete and fine asphalt pavements, the results showed longer rise and fall time, except shorter slightly decreasing period before dry condition. Their rise time and total drying period are approximated around 30-45 minutes and 60 minutes respectively. The r(0,2) of wet rough asphalt surface may be more than 12 times of r-value in dry condition. They are around 7 and 3 times for concrete and fine asphalt pavements respectively. The measurement results of the reflected light spectrum show the lightly decreasing of CCT due to absorption of short wavelength light. The maximum colour drift appears in concrete pavements. However, changing of the reflected light colour are disappeared over wet surfaces. The reduced luminance coefficients at the significant angles in each period of wet conditions show the different effects of pavement materials and wet levels.
Conclusion
The light reflection properties of wet surfaces were investigated by gonio-reflectometers. The test results of three type pavement materials showed differently changing of specular factor versus time in three stages. The rough asphalt samples have very high specular factor in short time and slightly decreasing in long time. The fine asphalt and concrete samples have longer rise time and lower specular factor. The drift of light colour by absorption of short light wavelengths do not show in the inundated wet condition. The reduced luminance coefficients at the significant angles present the different effects of pavement materials and wet levels. They may be created the approximated r-tables of wet conditions in the future works.
